Abstract: There are many options for tribological applications of basic polymers primarily as matrices and fillers of compound material due to the structural peculiarities of polymers. The polymer materials for tribosystems and their processing technique are briefly described. It is shown that composites with thermoplastic matrix are effective antifriction materials just as composites with thermosetting matrix is basically used as brake materials. Information on tribological behavior of polymer-based materials is presented. Polymer nanocomposites made by mixing nanofillers with melted thermoplastics are considered. The use cases of polymer composites and nanocomposites in industry are described.
INTRODUCTION
The objective laws of friction and wear of polymers and composites based on them are studied by polymer tribology. The flexibility in changing the polymer properties coupled with various fillers allows receiving a wide range of tribological characteristics. Polymer nanocomposites ensure plenty of choices to use it practically. Triboengineering testing of polymers is required adequate choice of its conditions and data presentation [1] [2] [3] .
EFFECT OF EXTERNAL FACTORS ON FRICTION OF POLYMERS
Let us consider the influence of contact pressure on friction. The friction force is increasing with load. It was shown experimentally that this rule is hold for some polymers at moderate and severe pressure of contact. The friction coefficient drops with growing load at low contact pressure resulting from polymer elastic deformation. Therefore, the friction coefficient contingent on load has minimum corresponding to transit of deformation character.
Effect of velocity. At low velocity, viscosity resistance of polymer in the contact grows with increasing rate. At high speed, the polymer in the contact exhibits elasticity. The friction force in this case either remains stable or decreases with rate increase.
Within the range of medium speed, all the aforesaid properties are competing that leads to the maximum on the friction force-sliding velocity curve depending on the relaxation of material.
Effect of temperature. Friction of polymers is a dissipation process taking effect on the physical characteristics of material. Adhesion is interpreted as a main reason of polymer friction in the highlyelastic state. The friction losses exhibit higher dependency on deformation when polymer is in the vitreous state.
When the polymer is heated, the effect of the mechanical component of the friction force increases and it becomes relatively similar to the effect of adhesion [1] .
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WEAR OF POLYMERS
Wear results from various processes, but abrasion, adhesion, and fatigue are considered as the fundamental modes. Irregularities on the counterface or solid particles cause the abrasive [1] .
The adhesive wear takes place in the sliding of polymer, when the strength of the adhesive bonds in the contact is in excess of the cohesive strength of the polymer. Consequently, part of material is passed into the counterface as a film; another part is removed as wear particles. The fatigue of polymers is taken as damage summation at repeated stresses in material at sliding.
APPLICATIONS OF POLYMERS
The review of diverse polymers used in tribology and their properties are given in the Table 1 . Thermoplastic materials are used when low friction is necessary [3] . The best example of them is PTFE. Under heavy loads and low sliding speed the friction coefficient of PTFE over metals is very low; being close to that of lubricated metals. PTFE is excellent material for sliding bearings working at heavy pressure and low slip speed without lubrication (Fig.1) . Polyamides are in service for sliding bearings with reinforcing fillers and dry lubricants. They are also used for gears and coatings.
Polyolefins are widely used as matrices for antifriction composites and additives to other polymers, even they have low thermal resistance.
Thermosetting epoxy and phenol resins are used as matrices for antifriction composites filled with solid lubricants, so they are often used in machine guides. Such materials also serve as matrices of composites for brakes and other frictional units.
Elastomers such as rubbers and polyurethanes are applied as antiabrasion linings and contact seals. Most important application of elastomers is the materials automotive tires. Polymer nanocomposites are typically formed while filling the polymer by particles or fibers. Carbon nanofillers are very attractive for such purpose but their price is a limiting factor in applications for polymer composites. Polymer nanolayers have an application area in MEMS and NEMS systems where the price of coating is not a limiting factor. Polymer composites with metal nanofillers formed by introduction of particles into the melt matrix are not much expensive and are used widely.
Polymer-clay nanocomposites are very prospective due to their low price and availability of massproduction (Fig.2) . 
TRIBOTESTS OF POLYMERS
While testing polymers at friction and wear one needs to take account of rheology, visco-elasticity and thermal behavior. It is common to define the pressure-velocity limit of operation for polymers related to certain wear rate.
This factor (PV) is a complex characteristic, in SI units it follows:
Basically, PV defines the power (W) generated at the contact area and it is possible to estimate the contact temperature based on PV as:
where T 0 is an ambient tempetature and С is a coefficient of heat transfer.
Wear I is also related to PV factor:
where k is a coefficient, dependent on material properties Tribological performance of polymers can be defined by the area on the PV map providing the safe and long-life operation with the approved wear rate equal 0.25 mm/hour. Steel ring with 40 mm outer diameter and thickness of 12 mm (medium-carbon steel 45, HRC 45-50, Ra 0.32 mcm) is used as counterbody for polymer block [4] . The line of the approved wear rate is fixed on this plane, then the map of polymer behavior is plotted (Fig. 3) . The mechanical properties of thermoplastics are dramatically affected by temperature. So, if we need to provide the stable friction at given scale of load-velocity, we need to find the correlation of the PV factor and the effective range of friction coefficient. An example of such a correlation is presented in Fig. 4 .
Even being not standardized yet, this method can be efficiently used in short-term estimation of the tribological characteristics of the polymer materials.
CONCLUSIONS
Accumulation of research data on structure, chemical and mechanical properties of polymers and polymer composites has laid a solid basis for improving efficiency of polymer tribosystems.
Polymers with nanofillers that are produced at commercial scale are taking over the areas traditionally occupied by other materials.
Methodology of testing the polymers is developing with taking account of the important part of heating in their tribological performance.
